Evolution: Sperm, Cryptic Choice, and the Origin of Species
In two fruit fly species, in vivo observations of competing sperm reveal how differences in sperm size, female behavior and reproductive architecture promote retention of same-species sperm. Sexual selection continues after mating and may play an important role in speciation.
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Populations may diverge into separate species when they become physically isolated, each adapting to different environments and genetically drifting apart for long periods of time. But when there isn't complete physical isolation, the probability of speciation will be greater if there are mechanisms that inhibit gene flow between diverging populations. Differences in habitat use, the timing of reproduction and mating preferences that favour like breeding with like are factors that may promote speciation. In some species, a female can successfully mate and produce offspring with a male from her own species (a 'conspecific' male) or with a male from a closely related species (a 'heterospecific' male). If she were to mate with both types of male within a short time period, their sperm would compete for fertilization opportunities inside her reproductive tract. In sperm competition, the conspecific male tends to hold a fertilization advantage, irrespective of mating order, whereas in sperm competition between two conspecific males, mating order matters. This home court advantage in the interspecific love triangle, called conspecific sperm precedence, suggests a complicated interaction between the two different males' ejaculates and the female reproductive tract in which they compete. Such postcopulatory sexual selection is among the most cryptic of biological processes known, yet is important because it influences paternity and can promote the evolution of isolation, driving populations towards new species [1] . In this issue of Current Biology, Mollie Manier, Scott Pitnick and colleagues [2] report on experiments that reveal the mechanics of conspecific sperm precedence in two species of Drosophila fruit flies in glowing detail -literally.
The Drosophila model has revealed astonishing variation across species in sperm characteristics, and bears little resemblance to the cartoonish view of fertilization biology we all grew up with: tiny tadpoles of sperm that swim by the millions to exhaustion through the obstacles of a hostile reproductive tract; it is a race to reach the egg and a numbers game. First, relative to mammals, Drosophila produce gargantuan sperm that are matched by elongated sperm storage organs in females. D. melanogaster, D. simulans, and D. mauritiana (the species studied by Manier et al. [2] ) are relative lightweights in the group, with sperm between 1 and 2 mm long (only about 100 times longer than human spermatozoa). The prize winning fruit fly, D. bifurca, weighs in with sperm 58 mm long, about 20 times the male's body length and over a thousand times greater than human sperm. The structural matching of female reproductive tract to sperm, and the absurdity of their tail lengths has led Pitnick and colleagues [3] to speculate that runaway sexual selection may have produced both the peacock and fruit fly sperm's extraordinary tails. In runaway sexual selection, female preference for an exaggerated trait leads to success by extreme males, with their offspring inheriting genes for both the extreme trait and the female preference for it. This builds reinforcement between preference and trait exaggeration that spirals into the extreme proportions, possibly seen in the fly's sperm or the peacock's train. Second, these sperm are transferred by the fifties and hundreds, not by the millions, because they are so costly to manufacture, which runs counter to the common assumption that sperm are cheap. And third, they are nurtured and can survive in the convolutions of the female reproductive tract for weeks on end, a remarkable proportion of a fruit fly's lifespan. These kinds of reproductive features are proving to be widespread in internally-fertilizing animals. We would be well served by replacing our stereotypical view of competitive fertilization as a combination race and lottery with one in which winners are determined more by sperm quality and location, location, location.
Even though conspecific sperm precedence has been documented in Drosophila for some time [4] , most experimental data come from 'black box' experiments: one mates a female to two males in succession, each of which carries a genetic marker, and [5] . With styling cues from Steve Jobs and Santa Claus, Belote and Pitnick built transgenic flies with both red (RFP) and green (GFP) tags that make the sperm heads glow under UV light (Figure 1 ). By mating a female with two males in succession (RFP then GFP or vice versa) their team are able to visualize live sperm competition between rival males within the reproductive tract of females. As often occurs when a new window into biology is opened, an unexpected complexity of events and behaviours have been revealed.
In their new study, Manier, Pitnick and colleagues [2] continue to expose the baroque world of postcopulatory sexual selection. Harnessing lessons learned from studying sperm competition within each of three species (D. melanogaster, D. simulans and D. mauritiana) [5, 6] , they formulate a sophisticated model predicting the outcome of interspecific sperm competition within the reproductive tracts of the latter two species, which recently ('only' about a quarter million years ago) diverged from one another in allopatry. Then, using the GFP/RFP system, the authors captured each step of the competition process between sperm from D. simulans and D. mauritiana males. They confirmed some more reliable biomechanical predictions from their earlier work (e.g. longer sperm prevail in longer female reproductive tracts) and also revealed new and extraordinary levels of sophistication in how females can influence the outcome of sperm competition. Although their data set was limited for D. mauritiana females, as they inconsiderately resist mating with D. simulans males, data from the D. simulans females revealed that they can alter the proportion of con-and heterospecific sperm ultimately stored through at least two mechanisms. First, females can prevent movement into long-term storage through early ejection of heterospecific sperm. Second, by controlling which sperm-storage organs provide sperm for egg fertilization, they can bias the ultimate proportion against the heterospecific D. mauritiana male. The authors have begun a significant synthesis across phenotypes previously studied separately, and in a system that is a model for the more general phenomenon of signaller-receiver coevolution.
Besides sperm, the ejaculate of these tiny insects has proven extraordinarily complex as well. Not merely a matrix to transmit, protect and nourish the sperm, fruit fly semen contains an estimated 150 bioactive peptides and proteins [7] . Some of these increase storage efficiency of sperm, decrease female sexual appetite and attractiveness of the mated female, and have a myriad other effects that generally benefit the male [7] [8] [9] . Similar but virtually undocumented complexity is expected in female receptors and post-mating 'ejaculate handling'. Manier et al. [2] show us how intricate coevolution via cooperation or conflict between the sexes in this signaler-receiver system may have widened the gap between these superficially similar species. Their study shows that males respond to the mating status of the female, releasing more sperm if a female is already mated than if she is virginal. This 'ejaculate catering' is presumed to be an adaptive response to sperm competition. But D. simulans males did not upregulate sperm numbers when D. simulans females had first been mated by D. mauritiana males, suggesting that signals of mating status (perhaps mediated by pheromones on the cuticle) are not being transduced after a hybrid mating. Similarly, the normal sperm ejection behaviour of D. mauritiana females was markedly disrupted after mating D. simulans males. These examples point to disruption of rapidly coevolving relationships between signals and their receivers when mates are foreign, and suggest several rich areas for further investigation of speciation phenotypes.
To fully understand the novelty of Manier et al.'s work [2] , one needs to consider how short the history of study of postcopulatory sexual selection has been. Surprisingly, sperm competition was not recognized as a potential forum for selection until over a century after Darwin, and would require the intellectual fertilizing effects of cowpats to hatch in the mind of Geoff Parker. Parker had spent many hours observing the brutal mating habits of the dung fly, Scathophaga stercoraria, where the serial displacement of one mounted male by another made it impossible not to ponder upon the partitioning of paternity. Parker's pioneering work on sperm competition [10] opened the era of exploration for postcopulatory sexual selection. Early models were simple numbers games played out within the neutral arena of the female reproductive tract. Complex interactions between male genotypes and between male and female genotype have been known for about a decade [11] , and the reproductive phenotypes of both sexes are now in the process of being characterized. By adding transgenic approaches to the study of sperm competition, and now an expanded speciation phenotype in the present work of Manier et al., a new phase of discovery and integration has begun for the dynamics of postcopulatory sexual selection. Casting a fluorescent glow upon processes that were previously hidden in a black box has added deeper understanding to the processes by which new species form.
